,Eu
3+ nanosheets by calcining layered yttrium hydroxide (LYH) precursor nanosheets at 800 C for 2 h. The precursor nanosheets were synthesized from metallic chlorides dissolved in methanol, via a solvothermal reaction at 200 C for 2.5 h. X-ray diffraction and transmission electron microscopy revealed that the LYH nanosheets were composed of crystallites with a uniform crystallographic orientation. Their sheet-like morphology and single-crystal nature remained after calcination, while the thickness of the nanosheets decreased. In recent years, one of the potential applications of phosphors such as these, which absorb near-UV light, is as a spectral converter to improve the photoelectric conversion efficiency of solar cells. [9] [10] [11] [12] [13] The sensitivity of commercial silicon solar modules is low in the UV region because of reection and absorption by encapsulation materials. 13 Thermalization losses following the absorption of photons with excess energy also reduce the sensitivity.
14 A spectral converter converts near-UV light to visible light, from which the solar modules can generate electricity more efficiently. The uorescent lm used for spectral converters requires transparency in the visible range to prevent the loss of visible sunlight. In addition, the phosphors for spectral converters must have high stability under sunlight, i.e., light-fastness and thermal stability. Inorganic nanophosphors, such as YVO 4 citrate ions adsorbed on the surfaces of the nanoparticles, which resulted in the reduction of V 5+ to V 4+ .
16-18
In contrast to YVO 4 
Preparation of precursors and calcined sample
YCl 3 $6H 2 O, EuCl 3 $6H 2 O, and BiCl 3 (total 0.5 mmol, Eu ¼ 2 at%, Bi ¼ 0.1-10 at%) were added to 16 mL of methanol. Then, the mixture was added into 5 mL of 2 wt% PEI aqueous solution. The resulting suspension was placed in a Teon vessel with a volume of 50 mL and heated in a stainless steel autoclave (Berghof, DAB-2) at 200 C for 2.5 h. Aer cooling to room temperature, the precipitate was isolated by washing with ethanol, followed by 5 min of centrifugation at 11 000 Â g (10 000 rpm using a rotor with a diameter of 10 cm). This cycle of washing and centrifugation was performed twice. The precipitate was then dried at 60 C for 5 h to obtain a precursor codoped with Bi 3+ and Eu 3+ . An undoped precursor, as well as precursors singly doped with either Bi 3+ or Eu 3+ , were also prepared by the same procedure. The precursors were heated to 800 C at a heating rate of 10 C min À1 in an air ow of 300 mL min À1 , and kept at that temperature for 2 h to obtain the calcined samples.
Characterization
Thermal analysis was performed using a thermogravimetry and differential thermal analysis (TG-DTA) instrument (Thermo Plus-8120, Rigaku) at a heating rate of 10 C min À1 in an air ow of 300 mL min À1 . X-ray diffraction (XRD) patterns
were measured on an X-ray diffractometer (Rint-2200, Rigaku) with a Cu Ka radiation source and monochromator. Elemental compositions were determined by the fundamental parameter method using an X-ray uorescence (XRF) analyzer (ZFX mini II, Rigaku). Particles were observed with a transmission electron microscope (TEM; Tecnai G 2 and
Tecnai 12, FEI). The samples for TEM were prepared by drying a drop of a methanol dispersion of each sample on a carbonreinforced collodion lm of a copper grid. The topographies of the nanosheets were observed with an atomic force microscope (AFM; AFM5100N, Hitachi) in dynamic mode using a cantilever (Pointprobe NCHR, Nano world). The samples for AFM were prepared by drying a drop of a methanol dispersion of each sample on a negative-type silicon wafer. PL and photoluminescence excitation (PLE) spectra were recorded on a uorescence spectrometer (FP-6500, JASCO). Changes in PL intensity during continuous near-UV excitation were measured with the same apparatus. Each spectral response was calibrated using an ethylene glycol solution of Rhodamine B (5.5 g L À1 ) and a standard light source (ESC-333, JASCO). The PL quantum yield (QY), F, was measured on the same spectrometer equipped with an integrating sphere (ISF-513, JASCO), based on the following equation:
where I em is the integrated emission intensity of the sample, I ex is the integrated intensity of the incident excitation light, and I ref is the integrated intensity of the excitation light reected by the sample. A reectance standard (Spectralon SRS-99, Labsphere) was used to determine I ex . PL decay curves were recorded on a uorescent lifetime spectrometer (Quantaurus-Tau C11367, Hamamatsu Photonics) using a Xe ash lamp with a band path lter of 365 nm. C, corresponds to the evaporation of co-intercalated water. The second step, at 300 C, corresponds to the dehydration of the host layers. The third step, at 800 C, corresponds to the evaporation of intercalated anions. The third step occurred at a higher temperature than for Ln 2 (OH) 5 NO 3 $nH 2 O, possibly because of the higher charge density of chloride ions. All the precursors showed qualitatively similar TG-DTA thermograms (Fig. S1 †) . The XRD patterns (Fig. 2 ) of all the precursors were indexed to orthorhombic Y 2 (OH) 5 Cl$nH 2 O, as reported by Liang et al.
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The high-precision XRD proles (Fig. S2(A) and Table S1 the XRF results show that precursors with the desired Bi contents can be easily synthesized by our proposed method, in which metallic chlorides are used as starting materials. This method therefore enables research into the effect of the Bi content on the morphological characteristics and PL properties of nanosheets. The XRD patterns of the samples calcined at 800 C (Fig. 5) were consistent with pure-phase cubic Y 2 O 3 . The high-precision XRD proles (Fig. S2(B) and Table S2 3.2 PL properties of samples calcined at 800 C Fig. 7 shows the PL and PLE spectra of the samples calcined at 800 C. Therefore, a series of samples with lower concentrations of Bi (0.1-10 at%), each codoped with Eu at a xed concentration of 2 at%, was synthesized. All of these samples had the same crystal structure, belonging to cubic Y 2 O 3 , and their Bi and Eu concentrations were found to be close to the nominal values ( Fig. S4 and Table S3 †). The samples with different Bi concentrations exhibited PL and PLE peaks with the same shapes but different intensities (Fig. S5 †) . Fig. 8 shows the variation in the PL QY of the calcined Bi 3+ ,Eu 3+ -codoped samples as a function of the nominal Bi concentration. The highest PL QY was 23%, for the sample with a Bi concentration of 0.2 at%. The decay characteristics of the calcined samples also showed a dependence on the Bi 3+ concentration, as shown in Fig. 9 and Table 2 . The PL decay curves for the 612 nm emission from Eu 3+ can be well tted by eqn (2): where I is the PL intensity at time t, s 1 and s 2 are the short and long PL lifetimes, and A 1 and A 2 are constants. The two PL lifetime components imply two different Eu 3+ luminescence centers. As mentioned above, the most likely luminescent centers for the emission at 612 nm are Eu 3+ ions at the C 2 sites and the surface sites. Generally, the surface sites have shorter lifetimes than the lattice sites because of surface defects. Therefore, s 1 can be assigned to the surface sites and s 2 to the C 2 sites. The average lifetime s was calculated by eqn (3): and increased the probability of energy transfer between them, a process that contributes to concentration quenching, thus suppressing the increase in PL intensity.
Conclusions
We produced Y 2 O 3 :Bi
3+
,Eu 3+ nanosheets through calcining solvothermally-synthesized LYH nanosheets. XRD and TEM analysis revealed that the LYH nanosheets were composed of 
